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Microtubules (MTs) are a major cytoskeleton in axons and dendrites, which are 
essential for neuronal circuit formation in brain. Tau is a MT–associated protein (MAP) 
with the ability of stabilizing MTs in axons. There are two types of tau, those with 3 (3R) 
or 4 (4R) MT-binding repeats; 4R tau has a stronger MT-stabilizing activity than 3R tau. 
The MT-stabilizing activity of tau is regulated by phosphorylation. Both the isoform and 
phosphorylation change during early postnatal development; highly phosphorylated 3R 
tau is replaced with 4R tau, which is less phosphorylated. However, it is not known how 
the transition of the isoforms and phosphorylation are regulated.  
    In this thesis, I addressed this question by delaying brain development under 
hypothyroidism. I found that hypothyroidism delayed the conversion of phosphorylation 
with no effect on isoforms, indicating that the shifting of isoforms and phosphorylation 
are not linked. I confirmed these findings with mutant mice expressing only a single 
isoform of human tau, either 3R or 4R, in place of mouse tau. I found that 
phosphorylation at the AT8 sites reduced greatly at around postnatal day 14 when 
neuronal circuit is established, suggesting the involvement of the AT8 site 
phosphorylation in neuronal maturation. I further studied the role of the AT8 
phosphorylation in the formation of the specialized structure called axon initial segment 
(AIS), because AT8-phosphorylated tau was highly concentrated there. The expression 
of Ankyrin G (AnkG), a marker of AIS, was suppressed by downregulation of tau 
expression. The expression of AnkG was reversed by overexpression of AT8- 
phosphomimetic, but not non-phosphorylation, mutant, suggesting that tau 
phosphorylation at the AT8 site has a function on axon maturation by controlling the 
AIS. Thus, I have shown for the first time that tau phosphorylation is regulated 
independent of the expressed isoforms and has a role in axon maturation thorough the 
AIS structure during early postnatal brain development.  
 
